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IN THE SPECIFICATION: 

Page 1, Iine1, delete "Title"; 

line 2, after the title line insert the heading: 

- BACKGROUND OF THE INVENTION -: 
line 3, delete this line and insert the heading: 

-a) Field of the Invention- : 
line 9, delete this line and insert the heading: 
— b) Description of the Related Art —; 
Page 3, line 19, delete this line and insert the heading: 

- OBJECT AND SUMMARY OF THE INVENTION -: 
line 20, after "The" insert -primary—; 
Page 9, last line, delete this line and insert the heading: 

- BRIEF DESCRIPTION OF THE DRAWINGS -: 
Page 10, line 16, delete this line and insert the heading: 

- DESCRIPTION OF THE PREFERRED EMBODIMENTS -; 
Page 16, last line, after this line insert the following paragraph: 

-While the foregoing description and drawings represent 
the preferred embodiments of the present invention, it will be 
obvious to those skilled in the art that various changes and 
modifications may be made therein without departing from the true 
spirit and scope of the present invention.— 

IN THE CLAIMS: 

Preceding "1." change "Claims" to -What is claimed is:--. 
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Cancel claims 1-21 and add the following new claims 22-42, reading as 

follows: 

—22. A device for shaping objects by removal of material from the surface 
thereof comprising: 

a pulsed laser beam; 

a deflecting device through which the laser beam is guided over the surface 
of the object; and 

an optical device is provided for changing the distribution of the radiation 
intensity inside the laser beam cross section and has at least one optical element with 
a microoptically active structure, wherein the microoptically active structure influences 
the intensity distribution in the laser beam cross section in such a way that the laser 
beam, after passing through said optical element, has a bell-shaped or Gaussian 
intensity distribution, or an intensity distribution similar to a bell-shaped or Gaussian 
distribution, in at least one cross-sectional direction. 

23. The device according to claim 22, wherein said at least one optical 
element (15) can be selectively introduced into or removed from the laser beam path 
for the purpose of changing the intensity distribution, wherein the at least one optical 
element is provided with a diffractive and/or refractive microoptically active structure 
which is suitable for influencing the intensity distribution in the laser radiation cross 
section. 
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24. The device according to claim 23, wherein an optical element is 
provided which generates a radially symmetric intensity distribution within the laser 
beam cross section in which an approximately equal intensity is present in a circular 
central cross-sectional area and an intensity falling in a bell shape or Gaussian shape 
is present from the central cross-sectional area to the edge regions of the laser beam. 

25. The device according to claim 23, wherein an optical element is 
provided which generates a radially symmetric intensity distribution within the laser 
beam cross section in which an intensity maximum is present in the center of the cross 
section and an intensity falling in a bell-shaped or Gaussian manner is present 
proceeding from the center to the edge regions. 

26. The device according to claim 23, wherein an optical element is 
provided for generating different intensity distributions in different cross-sectional 
directions through the laser beam. 

27. The device according to claim 26, wherein the optical element is 
formed in such a way that, in two sections through the laser beam which are 
perpendicular to one another, an at least approximately Gaussian intensity distribution 
is achieved in one section and an at least approximately homogeneous intensity 
distribution is achieved in the second section, wherein the deflecting direction is 
oriented at right angles to the homogeneous intensity distribution. 

28. The device according to claim 22, wherein the optical device 
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comprises a plurality of optical elements which are arranged on a movable carrier and 
the optical elements can be introduced into the laser beam or removed from the laser 
beam by the movement of the carrier. 

29. The device according to claim 28, wherein the movable carrier is 
constructed as a rotatable exchange wheel which is mounted so as to be rotatable 
about an axis of rotation oriented parallel to the beam direction and on which the 
optical elements are arranged along a partial circle. 

30. The device according to claim 22, wherein a variable optical system 
is provided in the laser beam path for influencing the size of the spot area directed onto 
the surface of the object. 

31. The device according to claim 30, wherein the size of the spot area 
is adapted to the deflection angle of the laser beam between two consecutive pulses 
and to the pulse frequency of the laser beam in such a way that the individual spot 
areas overlap by about 30% on the surface of the object. 

32. The device according to claim 31, wherein the variable system 
and/or the exchange wheel are provided with electronically controllable actuating 
drives whose control inputs, along with a control input of the deflecting device, are 
connected with outputs of a control unit, wherein preset data for the size of the spot 
area and/or for the rotating movement of the exchange wheel and/or for the deflecting 
angle are applied to the outputs of the control unit. 
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33. The device according to claim 32, wherein a device is provided for 
detecting actual values of curvature of individual surface portions and/or of the entire 
surface to be treated, this device being coupled with an actual-value storage. 

34. The device according to claim 32, wherein the control unit is 
connected on the input side with the actual-value storage and a reference value 
storage, and a computation circuit is provided in the control unit for determining preset 
data for the size of the spot area and/or for the rotating movement of the exchange 
wheel and/or for the deflecting angle of the laser beam from comparison of the actual 
values with the reference values. 



35. A process for shaping objects through material removal from the 

surface of the object comprising the steps of: 

grinding a pulsed laser beam which is guided over the object surface; and 
providing that the distribution of the radiation intensity within the laser beam 

and/or the size of the spot area with which the laser beam strikes the object surface 

and/or the deflecting angle for the laser beam are changed during the shaping by a 

microoptically active structure. 



36. The process according to claim 35, wherein the material removal is 
carried out with a small spot area at the start of the shaping and the material removal is 
carried out with an increasingly large spot area at the end of the shaping. 



37. The process according to claim 35, wherein, in the final phase of 
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shaping, the material removal is carried out with a spot area whose size corresponds to 
the total size of the object surface to be treated. 

38. The process according to claim 35, wherein the material removal is 
carried out with a pot-shaped intensity distribution at the start of shaping and material 
removal is carried out with an increasingly Gaussian intensity distribution at the end of 
shaping. 

39. The process for determining geometric changes at the surface of 
objects during operation of a device according to a device for shaping objects by 
removal of material from the surface thereof comprising: 

a pulsed laser beam; 

a deflecting device through which the laser beam is guided over the surface 
of the object; and 

an optical device is provided for changing the distribution of the radiation 
intensity inside the laser beam cross section and has at least one optical element with 
a microoptically active structure, wherein the microoptically active structure influences 
the intensity distribution in the laser beam cross section in such a way that the laser 
beam, after passing through said optical element, has a bell-shaped or Gaussian 
intensity distribution, or an intensity distribution similar to a bell-shaped or Gaussian 
distribution, in at least one cross-sectional direction and further comprising the step of: 

carrying out a curvature measurement of individual surface portions and/or of 
the entire surface to be treated before, during and/or immediately after material 
removal. 
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40. A process according to claim 39, wherein a measurement beam path 
or a plurality of measurement beam paths is/are directed onto the surface of the object 
for the purpose of curvature measurement, wherein the surface of the object detects 
the reflections of these measurement beam paths by means of a detector device and 
curvature values are determined therefrom by means of an evaluating device. 

41. The process according to claim 39, wherein the determined 
curvature values for the entire surface or for individual surface portions of the object to 
be treated are used as actual values as the basis for a comparison with reference 
values for the total surface or individual surface portions. 

42. The process according to claim 41 , wherein preset data are obtained 
from a comparison of the actual values with reference values for a subsequent material 
removal which is limited with respect to time, wherein the deflecting angle of the laser 
beam between two successive pulses and/or the size of the spot area on the object 
surface and/or the intensity distribution within the laser beam are predetermined for the 
subsequent removal of material by the preset data.-- 

IN THE ABSTRACT OF THE DISCLOSURE 

Please substitute the present Abstract for the one enclosed herewith. 
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REMARKS 

Claims 1-21 have been cancelled and new claims 22-42 have been added. 
These new claims have been added to amend the form of the previous claims and to 
eliminate multiple dependencies in order to reduce the filing fee. 

The specification and Abstract of the Disclosure have also been amended to 
conform to U.S. format. 

It should be noted that this Preliminary Amendment includes all of the 
changes that were made to the application during the PCT prosecution prior to the 
filing of this national phase case. 

An early and favorable action on the merits is respectfully requested. 

Respectfully submitted, 




McAULAY NISSEN GOLDBERG KIEL & HAND, LLP 

261 Madison Avenue 

New York, New York 10016 

Tel. (212) 986-4090 

GHK:jl 

Enc: Abstract of the Disclosure 
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Title 

OBJECT FIGURING DEVICE 
Field of the Invention 

The invention relates to a device for sculpting or shaping objects by 
5 removal of material from the surface thereof with a pulsed laser beam and a 

deflecting device through which the laser beam is guided over the surface of the 
object. It is advantageously suited for shaping natural optical lenses of biological 
substance or for shaping artificial optical lenses, 

J^l Prior Art 

|p Known prior art includes various devices and methods which are 

suitable for removal of material from the surface of an object by means of laser 
radiation and accordingly for shaping these objects, for example, for ablating tissue 

55 in the corneal region of the eye and for ophthalmologic shaping of eye lenses. 

The first publications on influencing visual deficiency of the human 

C5 eye by changing the convexity or concavity of the cornea date from around 1983 to 
1 985. Comparatively more corneal tissue must be removed in the center of the eye 
lens than in the peripheral areas in order to achieve flattening and, as a result, a 
correction of nearsightedness. However, if more corneal tissue is removed at the 
periphery than in the center, the curvature of the cornea is increased in order to 

20 correct farsightedness. 

As a result different amounts of biological substance are to be 
removed depending on the indication of individual surface portions of the cornea. 
In addition, the quantity of substance to be removed per time unit can vary 
depending on the extent of the correction required and depending on the progress 

25 of treatment; for example, a larger amount is to be removed in the first stage of 

treatment than in the concluding stage of precision treatment during which the main 
concern is to achieve smooth surfaces on the corrected curvature. 
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An essential factor for the quantity removed per time unit and 
accordingly also for a changeable defined rate of removal is, for one, the intensity 
of laser radiation itself, i.e., the energy introduced into the material to be removed 
by the radiation, and also the intensity distribution over the cross section of the 
5 laser radiation or in the spot applied to the surface of the object with every laser 
pulse. If the intensity distribution in the radiation cross section varies, the amount 
removed over the cross-sectional area will also vary. 

Differing amounts to be removed across the cross-sectional area is 
desirable, for instance, when less material is to be ablated at the edges of the cross 
10 section or spot than in a central radiation area because, in this way, the formation of 
O steep edge regions in the remaining material can be avoided, 
yi The radiation emanating from an excimer laser has a rectangular 

S cross section in which, intensity fluctuations aside, a more uniform intensity 

distribution is given in the direction of the greater cross-sectional length than in the 
W direction of the shorter cross-sectional side oriented at right angles to the first 
direction, where the intensity falls in a bell-shaped or Gaussian shape from the 
:P center of radiation to the edges. Elaborate steps are required in order to 
IE homogenize the radiation in a cross-sectional direction or also within the entire 
S cross section. Homogenizing by means of scattering plates followed by diaphragms 
20 and through the use of abrasive diaphragms is known, for example. 

Devices for homogenizing radiation intensity especially in excimer 
laser radiation are described, for example, in DE 42 20 705, JP 07027993, EP 0 
232 037, and EP 0 100 242. The arrangements shown in these references serve to 
distribute the radiation intensity as uniformly as possible over the entire radiation 
25 cross section. However, a uniform intensity over the entire cross section would 

mean a pot-shaped intensity distribution, namely, that the intensity rises or falls very 
steeply in the edge regions of the laser beam. If laser radiation of this kind is 
guided over the surface of the object to be treated according to the spot scanning 
principle, the pot-shaped intensity distribution results in a step formation in the 
30 remaining material in the boundary areas from spot to spot. Steplike irregularities of 
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this kind on the cornea lead to troublesome optical phenomena in sensory 
perception. 

OS-DE 44 29 193 A1 describes another device for generating a cross- 
sectionally homogenized laser beam and the use of this radiation for removal of 
5 material. In this case, a pulsed laser radiation emanating from a solid state laser is 
guided through an optical fiber and mode-homogenized in this way. It is 
disadvantageous that the arrangement described in this reference is not suitable for 
spot scanning, i.e., it is possible to treat only relatively large surface portions (spots) 
in their entirety. 

10 References to whole-surface ablation of the cornea with a solid state 

y laser with Gaussian intensity distribution in the radiation cross section are contained 
U1 in the article "Fundamental Mode Photoablation of the Cornea for Myoptic 

Correction," T. Sailer and J. Wollensack, Laser and Light in Ophthalmology, Vol. 5, 
No. 4, pp 199-203, 1993. The procedure described therein assumes that a laser of 
i€ this kind delivers a spatially homogeneous radiation in the fundamental mode 
Q TEMoo- However, only a portion of the radiated energy is available in the 
J; fundamental mode TEMoo, this portion not being sufficient, for example, for corneal 
F ablation. 

Description of the Invention 

20 The object of the invention is to develop further a device of the type 

described above in such a way that sculpting or shaping can be carried out quickly 
and effectively and remainder of bothersome microstructures on the surface of the 
object is avoided. 

According to the invention, this object is met in that an optical device 

25 is provided for changing the distribution of the radiation intensity inside the laser 
beam cross section and, after the passage of the laser beam through this optical 
device, the radiation intensity has a bell-shaped or Gaussian distribution, or a 
distribution similar to a bell-shaped or Gaussian distribution, in at least one cross- 
sectional direction through the laser beam. 



In contrast to the application of mutually overlapping spots with pot- 
shaped radiation intensity distribution on the surface to be ablated, as is known 
according to the prior art, the invention has the advantageous that a very smooth 
overall surface can be realized very quickly when spots with a Gaussian intensity 
distribution overlap. No steplike, steep structure remains on the surface; therefore, 
subsequent treatment of the surface is required only to a limited extent or not at all. 
As a result, the treatment time can be substantially reduced especially in the 
correction of curvatures of the cornea with the use of the device according to the 
invention. Moreover, compared with the prior art, the invention has the advantage 
that removal is possible not only over the entire surface, but can also be carried out 
in a locally limited manner on small portions of the surface based on the scanning 
principle. 

In an arrangement of the invention, it is provided that the optical 
device comprises at least one optical element which can be selectively introduced 
into or removed from the laser beam path for the purpose of changing the intensity 
distribution, wherein the at least one optical element is provided with a diffractive 
and/or refractive and/or holographic microoptically active structure which is suitable 
for influencing the intensity distribution in the laser radiation cross section. 

The optical element contained in the optical device or a plurality of 
optical elements provided in the optical device is/are provided with a microoptically 
active structure which is suitable for influencing the intensity distribution within the 
laser radiation. In this connection, the stmcture is applied to the optical element, for 
example, by electron-beam or photolithography processes, so that the optical 
element has a microoptically active vertical profile, a variation in the index of 
refraction extending over its cross-sectional area and/or a variation in absorption. 
The reflection and/or transmission of light waves is deliberately influenced by the 
selection of the structural configuration. For example, the structures can be stripe- 
shaped, cruciform, funnel-shaped or some other shape of depression and/or raised 
portion on a surface of the element. 

As a rule, the optical element or optical elements are made of silicon, 
glass or plastic. The optically active surface can be spherical, aspherical. 
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cylindrical or elliptical. Optical elements with structures of this kind have a high 

efficiency in the redistribution of radiation intensity within the laser beam. 

Accordingly, an optical element can be provided which generates a 

radially symmetric intensity distribution within the laser beam cross section in which 
5 an intensity maximum is present in the center of the cross section and an intensity 

falling in a bell-shaped or Gaussian manner is present proceeding from the center 

to the edge regions. 

The arrangement according to the invention is applicable in 

connection with a wide variety of different laser systems at wavelengths from the 
10 UV to the IR range. The optimum shape and distribution for treatment are achieved 
O irrespective of the beam shape emanating from the laser and of the intensity 
ufl distribution in the laser beam. For example, a noncircular laser beam exiting, for 

instance, from an excimer laser with inhomogeneous intensity distribution is 
Jz transformed by the optical element into a round beam with homogeneous intensity 
W distribution by which, finally, an optimum removal of material from the surface of the 
n object can be carried out. 

§: If the laser beam has, for example, a rectangular cross section of 

approximately 10mm x 30mm as is used for photo refractive keratectomy (PRK) or 

Jif for the LASIK method. In a section parallel to the longer side of this rectangle, the 

20 intensity profile of the laser radiation is approximately trapezoidal with intensity 

fluctuations that are referred to as "hot spots". Viewed in the direction of the shorter 
side length, the intensity profile is roughly bell-shaped or Gaussian. By arranging 
one of the optical elements in the laser beam path according to the invention, the 
intensity profile in every section direction through the radiation axis assumes a bell 

25 shape or Gaussian shape. 

It lies within the framework of the invention to carry out an 
arrangement in which the optical element generates a radially symmetric intensity 
distribution within the laser beam cross section in which an approximately equal 
intensity is present in a circular central cross-sectional area and an intensity falling 

30 in a bell shape or Gaussian shape is present from the central cross-sectional area 
to the edge regions of the laser beam. 
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As a result of this extensively constant intensity in the core area of the 
laser beam, a high removal rate is achieved in the center, while the bell-shaped or 
Gaussian drop in intensity toward the edge regions produces the transition to the 
next spot in an advantageous manner insofar as a step-shaped structure is avoided 
5 in the transition zone. 

Alternatively, it can be provided that the optical device contains at 
least one optical element which is provided for generating different intensity 
distributions in different cross-sectional directions through the laser beam. 
Accordingly, it is conceivable that the optical element is formed in such a way that, 
10 in two sections through the laser beam which are perpendicular to one another, an 

at least approximately Gaussian intensity distribution is achieved in one section and 
m an at least approximately homogeneous intensity distribution is achieved in the 
second section. The deflecting direction of the laser beam and the cross section 
with the homogeneous intensity distribution should advantageously be oriented at 
iS right angles to one another. 

In a very advantageous construction of the invention, the optical 
:P device can comprise a plurality of optical elements which can be introduced into the 
£ laser beam simultaneously or successively in time. This results in the advantage 
S that the intensity distribution within the beam path can be changed during the 
20 treatment, i.e., during the removal of material from the surface or also during short 
interruptions in treatment, so that the beam shape and/or the intensity distribution 
can meet the various requirements as they arise during treatment. 

In this connection, the optical elements can advantageously be 
arranged together on a movable carrier and they can be introduced into the beam 
25 path or removed from the beam path by the movement of the carrier. In this way, 
exchange is made possible in an uncomplicated manner, wherein the common 
carrier can be a rotatable exchange wheel which is mounted so as to be rotatable 
about an axis of rotation oriented parallel to the beam direction and on which the 
optical elements are arranged along a partial circle. Accordingly, by turning the 
30 exchange wheel by a rotational angle corresponding to the arc distance between 



two optical elements on the partial circle, two elements in the beam path can be 

interchanged easily. 

As a rule, an objective is provided in the beam path of the laser beam, 
the size of the spot area being determined by the objective. In a preferred 
embodiment of the invention, a variable optical system is provided in the beam path 
of the laser beam for changing the size of the spot area directed onto the surface of 
the object. Accordingly, spots of different sizes can be realized during treatment, so 
that, for example, a coarse scanning of the surface with a large spot can be carried 
out first and, after correspondingly changing the adjustment of the variable system, 
a precision treatment can be carried out with smaller spots. It is also conceivable to 
carry out a concluding treatment for the purpose of smoothing the entire surface 
with a very large spot which extends over the entire area to be treated. 

The size of the spot area directed onto the surface of the object, the 
deflection angle for the laser beam between two consecutive pulses and the pulse 
frequency of the laser beam should advantageously be adapted to one another in 
such a way that the spots applied adjacent to one another on the object surface 
overlap by about 30%. A relatively smooth surface having no steplike raised 
portions is therefore already achieved. 

In this respect, a very preferable arrangement of the invention consists 
in that the variable system and/or the exchange wheel are provided with 
electronically controllable actuating drives whose control inputs, along with the 
control input of the deflecting device for the laser beam, are connected with outputs 
of a control unit, wherein preset data for the size of the spot area and/or for the 
rotating movement of the exchange wheel and/or for the deflecting angle of the 
laser beam between two pulses or the distance between two spot areas are applied 
to the outputs of the control unit. 

In this way, it is advantageously possible for the individual presets 
affecting the removal rate or quality of the surface to be achieved to be changed in 
an uncomplicated manner during treatment or during short interruptions in 
treatment. The change in the presets can be carried out depending on the achieved 
quality of the surface. 
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For treatment of the cornea of the eye in particular, the device 
according to the invention can be outfitted with a device for detecting actual values 
of curvature of individual surface portions and/or of the entire surface to be treated, 
this device being coupled with an actual-value storage. In this way, it is possible to 

5 determine intermediate results in a qualitatively exact manner and to draw 

conclusions therefrom with regard to further treatment. Further, the control unit can 
be connected with the actual-value storage on the input side and a computation 
circuit can be provided in the control unit for determining preset data for the size of 
the spot area and/or for the rotating movement of the exchange wheel and/or for the 

1 0 deflecting angle of the laser beam from the comparison of the actual values with the 
reference values which are entered, for example, via a separate interface. 

The invention is further directed to a process for shaping objects 

S through material removal from the surface of the object by means of a pulsed laser 
beam which is guided over the object surface, wherein the distribution of the 

16 radiation intensity within the laser beam and/or the size of the spot area with which 

O the laser beam strikes the object surface and/or the deflecting angle for the laser 

:f: beam are changed during the shaping. 

f An advantageous arrangement of this process is provided in that the 

r! material removal is carried out with a small spot area at the start of the shaping and 
20 the material removal is carried out with an increasingly large spot area at the end of 

the shaping. Accordingly, in the final phase of shaping, the material removal is 

carried out with a spot area whose size corresponds to the total size of the object 

surface to be treated. 

Further, it is advantageous when the material removal is carried out 
25 with a pot-shaped intensity distribution at the start of shaping and material removal 

is carried out with an increasingly Gaussian intensity distribution at the end of 

shaping. 

Within the framework of the invention, there is also a process for 
determining geometric changes at the surface of objects during operation of a 
30 device according to the preceding description in which a curvature measurement of 
individual surface portions and/or of the entire surface to be treated is carried out 
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before, during and/or immediately after material removal. In this way, it is 
advantageously possible to evaluate the results of operation with the above- 
mentioned device or the results of the material removal of the object surface. This 
is advantageous particularly when this device and its embodiments are applied for 
5 the purpose of treating the human cornea. 

The process according to the invention can be arranged in such a way 
that a measurement beam path or a plurality of measurement beam paths is/are 
directed onto the surface of the object for the purpose of curvature measurement, 
wherein the surface of the object detects the reflections of these measurement 
10 beam paths by means of a detector device and curvature values are determined 
CI therefrom by means of an evaluating device. The measurement beam paths should 
m have an intensity and a wavelength which, in contrast to the treatment beam path, 
S cause no changes at the surface of the object. Arrangements of this type, often 

referred to as topography systems, are known and will therefore not be discussed in 
ij further detail. 

Another arrangement of the process according to the invention 
j; provides that the determined curvature values for the entire surface or for individual 
ji surface portions are used as actual values as the basis for a comparison with 
y reference values. In this way it is possible to draw conclusions directly based on 
20 the current treatment state during the material removal in order to achieve the aim 
of the treatment. In this respect, the process according to the invention can be 
further configured in such a way that preset data can be obtained from a 
comparison of the actual values with reference values of the surface configuration 
for a subsequent material removal which is limited with respect to time, wherein the 
25 deflecting angle of the laser radiation between two successive pulses and/or the 
size of the spot area on the object surface and/or the exchange of an optical 
element in the beam path by the rotating movement of the exchange wheel is 
predetermined with the preset data. 

Brief Description of the Drawings 
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The device according to the invention and the process according to 
the invention will be explained more fully in the following with reference to an 
embodiment example. Shown in the accompanying drawings are: 

Fig. 1 a schematic view of the optical system of the device; 

Fig. 2 an exchange wheel for the optical elements; 

Fig. 3 a block wiring diagram with linking of individual subassemblies; 

Fig. 4 Gaussian intensity distribution in the beam cross section; 

Fig. 5 intensity distribution with approximately equal intensity in a 
central cross-sectional area and intensity falling in a bell- 
shaped or Gaussian manner from the central cross-sectional 
area to the edge regions; 

Fig. 6 Gaussian intensity distribution in the beam cross section in the 
scanning direction; 

Fig. 7 approximately uniform intensity in the beam cross section 
perpendicular to the scanning direction. 

Detailed Description of the Drawings 

Fig. 1 shows a device for shaping an object 1 by means of a pulsed 
laser beam 2 emanating from an excimer laser 3. The laser beam 2 is guided over 
the surface of the object 1 by means of a deflecting device 4 in which an X-scanner 
mirror 5 and a Y-scanner mirror 6 are provided. The energy entering the surface of 
the object 1 through the laser beam 2 causes an ablation of material. The object 1 
can be, for example, a human eye whose cornea is being treated by ophthalmologic 
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shaping in order to correct deficient vision. However, the device according to the 
invention can also be applied, for example, for shaping artificial lenses which are 
provided for the correction of deficient vision. 

The laser beam 2 emanating from the excimer laser 3 is guided 
5 through a containment wall 7 with windows 8 and attains the surface of the object 1 
via a variable attenuator 9, a deflecting prism 10, an optical splitter 11 and via the 
deflecting device 4. 

For the purpose of visual observation of the target area on the surface 
of the object 1, a target beam emitted by a laser diode 12 with a wavelength 635 nm 

10 is coupled into the laser beam 2 via a deflecting mirror 13 and the optical splitter 1 1 . 
P The laser beam 2 emanating from the excimer laser 3 has a 

m rectangular cross section. Typically, the radiation intensity is not homogeneously 
y distributed within this rectangular cross section. While the intensity profile in the 

direction of the longer side of the rectangle is roughly trapezoidal with intensity 
iS fluctuations, the intensity profile in the direction of the short side of the rectangle is 

roughly Gaussian or bell-shaped. 
.C In order to influence the distribution of the radiation intensity within the 

11 laser beam 2 in such a way that an optimum removal of material from the object 
y surface can be carried out, an optical device 14 for influencing the intensity 

20 distribution within the radiation cross section is provided according to the invention 
in the laser beam path, namely, in such a way that, after passing through the optical 
device 14, the intensity has a bell-shaped or Gaussian distribution, or a distribution 
similar to a bell shape or Gaussian shape, no longer only in one section direction 
but in a plurality of section directions. 

25 An optical element 15, for example, is located in the optical device 14 

in the beam path on which is formed an optically active surface with a diffractive 
microoptic structure which causes an influencing of the intensity distribution in the 
sense described above when the laser beam 2 passes through. 

Depending on the shape of the microoptic structure, for example, a 

30 radially symmetric intensity distribution can be present within the beam cross 

section after passing through the optical element 15, wherein an intensity maximum 
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is present only in the center of the beam cross section and an intensity falling in a 
bell-shaped or Gaussian manner is present from the center to the edge regions (see 
Fig. 4). The cross section of the laser beam is now extensively circular. 
Alternatively, an optical element 15 can be provided with a structure, for example, 
through which a radially symmetric intensity distribution is likewise achieved, but in 
which an approximately homogeneous intensity distribution is present in a central 
cross-sectional region of the laser beam extending over a surface area and an 
intensity falling in a bell-shaped or Gaussian manner is present from this central 
area to the edge regions (see Fig. 5). 

In order to ensure optimal material removal it may be required in the 
different stages of treatment of the surface of the object 1 to change the intensity 
distributions in the laser beam 2 before proceeding with treatment. The invention 
makes this possible in that the optical device 14 contains a plurality of different 
optical elements 15 which can be introduced selectively into the beam path. 

As is shown in Fig. 2, two optical elements 15.1 and 15.2 are arranged 
on an exchange wheel 16 for this purpose. The exchange wheel 16 is arranged so 
as to be rotatable about an axis of rotation 17 aligned parallel with the radiation 
direction of the laser beam 2 and is coupled with an electromechanical drive 18. 
For example, the optical element 15.1 can be provided with a microoptic structure 
which, as was described above, generates a homogeneous intensity distribution in 
a central area of the beam path and generates an intensity distribution falling in a 
bell-shaped manner toward the edge regions, while the optical element 15.2 is 
provided with a microoptic structure which generates an intensity dropping in a 
Gaussian or bell-shaped manner already immediately proceeding from the center to 
the edge regions in all directions. 

Alternatively, it can be provided, of course, that additional optical 
elements 15.1, 15.2 ... 15. n are arranged on the exchange wheel 16. For example, 
the optical element 15.n can have a structure by means of which the beam cross 
section of the laser radiation retains its rectangular shape, but the extension of the 
cross-sectional area is reduced and, in this respect, the intensity distribution is 
further homogenized in the section along the longer side of the rectangle, while in 
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the section along the shorter side of the rectangular cross section the beam 
intensity further approximates the Gaussian distribution. Fig. 6 and Fig. 7 show the 
intensity distributions within a beam path in two section paths arranged at right 
angles to one another. Accordingly, Fig. 6 shows the homogenized intensity 
5 distribution in a first direction of these two cross-sectional directions; Fig. 7 shows 
the Gaussian distribution of the second cross-sectional direction oriented at right 
angles to the first cross-sectional direction. The cross-sectional direction with the 
Gaussian distribution according to Fig. 7 should advantageously be directed in the 
same direction as the deflection direction of the laser beam. 

10 If necessary, one of these optical elements 15.1 15.2 ... 15.n can be 

selectively introduced into the beam path in that a control pulse is delivered to the 

If! drive unit 18 and the drive unit 18 is made to move the exchange wheel 16 by a 

rotational angle around the axis of rotation 17 corresponding to the arc distance to 

H the desired optical element on the exchange wheel 16. 

i§ Further, an objective, e.g., a varifocal lens or variable objective 19, is 

U provided in the beam path of the laser beam 2 of the device described herein. The 
P spot size is predetermined by the objective. When using a variable objective 19, it 
Ic is possible to vary the size of the spot directed onto the object surface. Accordingly, 
y it is advantageously achieved that, depending on the treatment stage, the spot size 
20 can be selected in such a way that either a fine treatment can be carried out over 
the entire surface to be treated insofar as the spot is adjusted to this size or an 
intensive treatment of individual small surface portions can be carried out insofar as 
the spot size is reduced to a smaller expanse. 

It is now possible, by means of the device according to the invention, 
25 to vary the intensity profile inside the radiation cross section, the size of the laser 
spot on the surface to be treated and also the deflecting angle. By adapting these 
three parameters to one another, an effective treatment of the object surface in the 
broadest sense is possible in all conceivable stages of treatment. 

In order that a change in the deflecting angle, in the spot size or in the 
30 intensity distribution can be carried out in an uncomplicated manner during 

treatment or immediately after the treatment of individual surface portions, the 
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variable objective 19 is coupled with a controllable electromechanical drive just like 
the exchange wheel 16. 

As is shown schematically in Fig. 3, the exchange wheel 16, variable 
objective 19 and deflecting device 4 are arranged in the laser beam 2 emanating 
from the excimer laser 3. The excimer laser 3 is connected with a control unit 24 
via a control input 20, the exchange wheel 16 is connected with the control unit 24 
via a control input 21, the variable objective 19 is connected with the control unit 24 
via a control input 22 and the deflecting device 4 is connected with the control unit 
24 via a control input 23. 

The control unit 24 is provided with an interface 25 through which 
actuating values can be entered manually for the following parameters: spot size, 
deflecting angle and intensity distribution. Depending on the desired intensity 
distribution, for example, an actuating value is entered for the appropriate 
advancing of the exchange wheel 16 to introduce into the laser beam path an 
optical element 15,1 to 15.n associated with this actuating value. Actuating values 
for the adjustment of the variable objective which correspond to determined spot 
sizes are entered in an analogous manner. 

Further, according to Fig. 3, corresponding to a constructional variant 
of the invention, a device 26 is provided for detecting actual values of the curvature 
of individual surface portions or also of the entire surface of the object 1 to be 
treated. For this purpose, the device 26 is constructed in such a way that curvature 
values of the surface are determined before, during or after the treatment through 
topographic measurements. The measurement radiation 29 required for this 
purpose is coupled into the laser beam 2 on the way toward the object 1 via an 
optical beam splitter 27, while the light reflected from the object surface is coupled 
out of the laser beam 2 with the information about the curvature of the surface again 
by means of the optical splitter 27 and is directed, for example, onto a detector 
device inside the device 26, 

The determined curvature values are sent, via a signal path 28, to the 
control unit 24 which contains a computation circuit (not shown separately) which 
determines preset data for the continued treatment of the surface of the object 1 
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from a comparison with the reference values entered via the interface 25 for the 
individual parameters (deflecting angle, spot size, intensity distribution) and the 
determined actual values for the surface curvatures and reads out these preset data 
via the control inputs 20 to 23. 
5 The process according to the invention for shaping objects through 

material removal of the object surface by means of a pulsed laser beam and the 
process for determining geometric changes at the surface of objects during 
operation of this device can be carried out advantageously with the device which is 
described herein by way of example. 
10 As was already shown, an essential advantage consists in that after 

O the treatment of individual surface portions a further smoothing of the cornea 
m curvature is possible by corresponding presets for spot size and intensity 
Jil distribution within the laser radiation. Also, a reduction in treatment time can be 
M achieved through the possibility of ablation over the whole surface area. 
15 Accordingly, in addition to the correction of myopia and hyperopia in the human eye, 

irregularities such as irregular astigmatism can also be corrected in an 
f: advantageous manner. 

It has also been shown that the formation of so-called central islands 
which formerly occurred in a troublesome manner in procedures and devices 
20 according to the prior art can be prevented in this way. 

During use of the device according to the invention, it is recommended 
that ablation over the surface area is carried out according to the spot scanning 
principle with spots which extend over a smaller area than the entire surface to be 
treated, wherein a bell-shaped or Gaussian intensity distribution in the laser beam 2 
25 should be selected. In a next step, the ablation of the surface to be treated is 
carried out with spots whose size is in the range of the size of the surface to be 
treated and whose centers are directed to the center of the surface to be treated, 
wherein the intensity distribution inside the radiation should be selected in such a 
way that a homogeneous intensity is present in a central area of the beam path and 
30 there is an intensity falling in a Gaussian shape on all sides toward the edge 
regions. 
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In an alternative procedure, the change in the surface to be treated or 
the surface portion to be treated can be determined in a first step after a preceding 
treatment cycle, for which purpose the device 26 is used for determining curvature 
values. In a further step, intensity distributions, deflection angles and spot sizes are 
5 established for the following treatment steps by means of the computing unit inside 
the control unit 24 as a function of the determined curvature values, sent to the 
respective subassemblies via the control inputs 20 to 23, the target position is 
approached by means of the target beam emitted from the laser diode 12 
accompanied by visual monitoring and, finally, the excimer laser 3 is put into 
10 operation. After a treatment period which is limited in time, the change in the 
o surface to be treated is determined within the scope of a first step and conclusions 
fi are derived from this concerning further treatment procedure. 
U Accordingly, the presence of pronounced curvatures on the surface of 

M= the object 1 can advantageously be determined and, for the effective correction 
thereof, an intensity distribution can be selected within the beam path for the 
following treatment step which is different from that used in a normal correction of 
£ myopia. The possibility of using large and small spots in which intensity 

distributions having a Gaussian shape or pot shape in the laser beam can be 
O selected or in which a constant intensity distribution is determined in a central area 
20 makes possible combination variants by which even extreme surface structures can 
be corrected optimally or can be newly formed without visually perceptible and 
therefore bothersome unevenness remaining on the object surface. 
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Claims 

1 . Device for shaping objects by removal of material from the 
surface thereof with a pulsed laser beam and a deflecting device through which the 
laser beam is guided over the surface of the object, characterized in that an optical 
device (14) is provided for changing the distribution of the radiation intensity inside 
the laser beam cross section and, after the passage of the laser beam (2) through 
this optical device (14), the radiation intensity has a bell-shaped or Gaussian 
distribution, or a distribution similar to a bell-shaped or Gaussian distribution, in at 
least one cross-sectional direction through the laser beam (2). 

2. Device according to claim 1 , characterized in that the optical 
device (14) comprises at least one optical element (15) which can be selectively 
introduced into or removed from the laser beam path for the purpose of changing 
the intensity distribution, wherein the at least one optical element (15) is provided 
with a diffractive and/or refractive microoptically active structure which is suitable 
for influencing the intensity distribution in the laser radiation cross section. 

3. Device according to claim 2, characterized in that an optical 
element (15) is provided which generates a radially symmetric intensity distribution 
within the laser beam cross section in which an approximately equal intensity is 
present in a circular central cross-sectional area and an intensity falling in a bell 
shape or Gaussian shape is present from the central cross-sectional area to the 
edge regions of the laser beam. 

4. Device according to claim 2, characterized in that an optical 
element (15) is provided which generates a radially symmetric intensity distribution 
within the laser beam cross section in which an intensity maximum is present in the 
center of the cross section and an intensity falling in a bell-shaped or Gaussian 
manner is present proceeding from the center to the edge regions. 
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5. Device according to claim 2, characterized in that an optical 
element (15) is provided for generating different intensity distributions in different 
cross-sectional directions through the laser beam. 

6. Device according to claim 5, characterized in that the optical 
element (15) is formed in such a way that, in two sections through the laser beam 
(2) which are perpendicular to one another, an at least approximately Gaussian 
intensity distribution is achieved in one section and an at least approximately 
homogeneous intensity distribution is achieved in the second section, wherein the 
deflecting direction is oriented at right angles to the homogeneous intensity 
distribution. 

7. Device according to one of the preceding claims, characterized 
in that the optical device (14) comprises a plurality of optical elements (15) which 
are arranged on a movable carrier and the optical elements (15) can be introduced 
into the laser beam (2) or removed from the laser beam (2) by the movement of the 
carrier. 

8. Device according to claim 7, characterized in that the movable 
carrier is constructed as a rotatable exchange wheel (16) which is mounted so as to 
be rotatable about an axis of rotation (17) oriented parallel to the beam direction 
and on which the optical elements (15) are arranged along a partial circle. 

9. Device according to one of the preceding claims, characterized 
in that a variable optical system is provided in the laser beam path for influencing 
the size of the spot area directed onto the surface of the object. 

10. Device according to claim 9, characterized in that the size of the 
spot area is adapted to the deflection angle of the laser beam between two 
consecutive pulses and to the pulse frequency of the laser beam in such a way that 
the individual spot areas overlap by about 30% on the surface of the object. 
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1 1 . Device according to claim 10, characterized in that the variable 
system and/or the exchange wheel (16) are provided with electronically controllable 
actuating drives whose control inputs (21 , 22), along with a control input (23) of the 
deflecting device (4), are connected with outputs of a control unit (24), wherein 
preset data for the size of the spot area and/or for the rotating movement of the 
exchange wheel (16) and/or for the deflecting angle are applied to the outputs of 
the control unit (24). 

12. Device according to claim 1 1 , characterized in that a device is 
provided for detecting actual values of curvature of individual surface portions 
and/or of the entire surface to be treated, this device being coupled with an actual- 
value storage. 

13. Device according to claim 11 or 12, characterized in that the 
control unit (24) is connected on the input side with the actual-value storage and a 
reference value storage, and a computation circuit is provided in the control unit 
(24) for determining preset data for the size of the spot area and/or for the rotating 
movement of the exchange wheel (16) and/or for the deflecting angle of the laser 
beam (2) from comparison of the actual values with the reference values. 

14. Process for shaping objects through material removal from the 
surface of the object by means of a pulsed laser beam which is guided over the 
object surface, characterized in that the distribution of the radiation intensity within 
the laser beam (2) and/or the size of the spot area with which the laser beam (2) 
strikes the object surface and/or the deflecting angle for the laser beam (2) are 
changed during the shaping. 

15. Process according to claim 14, characterized in that the 
material removal is carried out with a small spot area at the start of the shaping and 
the material removal is carried out with an increasingly large spot area at the end of 
the shaping. 
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16. Process according to claim 14 or 15, characterized in tliat, in 
the final phase of shaping, the material removal is carried out with a spot area 
whose size corresponds to the total size of the object surface to be treated, 

17. Process according to claims 14 to 16, characterized in that the 
material removal is carried out with a pot-shaped intensity distribution at the start of 
shaping and material removal is carried out with an increasingly Gaussian intensity 
distribution at the end of shaping. 

1 8. Process for determining geometric changes at the surface of 
objects during operation of a device according to claims 1 to 13, characterized in 
that a curvature measurement of individual surface portions and/or of the entire 
surface to be treated is carried out before, during and/or immediately after material 
removal. 

19. Process according to claim 18, characterized in that a 
measurement beam path or a plurality of measurement beam paths is/are directed 
onto the surface of the object for the purpose of curvature measurement, wherein 
the surface of the object detects the reflections of these measurement beam paths 
by means of a detector device and curvature values are determined therefrom by 
means of an evaluating device. 

20. Process according to one of claims 18 or 19, characterized in 
that the determined curvature values for the entire surface or for individual surface 
portions of the object to be treated are used as actual values as the basis for a 
comparison with reference values for the total surface or individual surface portions. 

21 . Process according to claim 20, characterized in that preset data 
are obtained from a comparison of the actual values with reference values for a 
subsequent material removal which is limited with respect to time, wherein the 
deflecting angle of the laser beam between two successive pulses and/or the size 
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of the spot area on the object surface and/or the intensity distribution within the 
laser beam (2) are predetermined for the subsequent removal of material by the 
preset data. 



ABSTRACT OF THE DISCLOSURE 

A device for figuring objects by means of material erosion of the surface 
thereof, comprising a pulsed laser beam and a deflection device through which the 
laser beam is directed at the object surface and via which the object surface is guided 
The invention is suitable for figuring natural optical lenses made from a biological 
substance or artificial optical lenses. The inventive device is provided with an optical 
device to modify the distribution of the radiation intensity inside the laser beam cross 
section. The radiation intensity, once the laser beam has passed through the optical 
device, has a bell-shaped or Gaussian-like distribution in at least one cross sectional 
direction through the laser beam. 
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FOR PATENT APPLICATION (cx)ntinued ) 


File No. GK 


.-GEY-1065 


^\5llLL NAME OF THIRD INVENTOR (IF ANY) 

Jueraen KUEHNERT 


INVENTOR'S SIGNATURf^ 


DATE 


RESIDENCE "T \ ^ 

D-07747 Jena. Germanv ^^^^ X 


COUNTRY OF CI 1 IZENSHIP 

Germany 


POST OFFICE ADDRESS 

1 iselotte-Herrmann-Strasse 12, D-07747 Jena, Germany A 


IjFULL NAME OF FOURTH JOINT INVENTOR (IF ANY) 

Eckhard SCHROEDER 


INVENTQR;£ SIGNATURfef / 


DATE 


RESIDENCE 

D-90542 EckentaLGjBxmany />ii5? 


COUNTRY OF CITIZENSHIP 

Germany 


POST OFFICE ADDRESS 

Hans-Sachs-Strasse 9, D-90542 Eckental, Germany 


FULL NAME OF FIFTH INVENTOR (IF ANY) 


INVENTOR'S SIGNATURE 


DATE 


4^ESIDENCE 


COUNTRY OF CITIZENSHIP 


r^Ff OST OFFICE ADDRESS 


rfULL NAME OF SIXTH JOINT INVENTOR (iF ANY) 


INVENTOR'S SIGNATURE 


DATE 


^RESIDENCE 


COUNTRY OF CITIZENSHIP 


rf OST OFFICE ADDRESS 


f|f ULL NAME OF SEVENTH JOINT INVENTOR (IF ANY) 


INVENTOR'S SIGNATURE 


DATE 


CkESIDENCE 


COUNTRY OF CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF EIGHTH JOINT INVENTOR (IF ANY) 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE 


COUNTRY OF CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF NINTH JOINT INVENTOR (IF ANY) 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE 


COUNTRY OF CITIZENSHIP 


POST OFFICE ADDRESS 



